We have previously shown that auditory Pavlovian fear conditioning is associated with an increase in DNA methyltransferase (DNMT) expression in the lateral amygdala (LA) and that intra-LA infusion or bath application of an inhibitor of DNMT activity impairs the consolidation of an auditory fear memory and long-term potentiation (LTP) at thalamic and cortical inputs to the LA, in vitro. In the present study, we use awake behaving neurophysiological techniques to examine the role of DNMT activity in memoryrelated neurophysiological changes accompanying fear memory consolidation and reconsolidation in the LA, in vivo. We show that auditory fear conditioning results in a training-related enhancement in the amplitude of short-latency auditory-evoked field potentials (AEFPs) in the LA. Intra-LA infusion of a DNMT inhibitor impairs both fear memory consolidation and, in parallel, the consolidation of trainingrelated neural plasticity in the LA; that is, short-term memory (STM) and short-term training-related increases in AEFP amplitude in the LA are intact, while long-term memory (LTM) and long-term retention of training-related increases in AEFP amplitudes are impaired. In separate experiments, we show that intra-LA infusion of a DNMT inhibitor following retrieval of an auditory fear memory has no effect on post-retrieval STM or short-term retention of training-related changes in AEFP amplitude in the LA, but significantly impairs both post-retrieval LTM and long-term retention of AEFP amplitude changes in the LA. These findings are the first to demonstrate the necessity of DNMT activity in the consolidation and reconsolidation of memory-associated neural plasticity, in vivo.
a b s t r a c t
We have previously shown that auditory Pavlovian fear conditioning is associated with an increase in DNA methyltransferase (DNMT) expression in the lateral amygdala (LA) and that intra-LA infusion or bath application of an inhibitor of DNMT activity impairs the consolidation of an auditory fear memory and long-term potentiation (LTP) at thalamic and cortical inputs to the LA, in vitro. In the present study, we use awake behaving neurophysiological techniques to examine the role of DNMT activity in memoryrelated neurophysiological changes accompanying fear memory consolidation and reconsolidation in the LA, in vivo. We show that auditory fear conditioning results in a training-related enhancement in the amplitude of short-latency auditory-evoked field potentials (AEFPs) in the LA. Intra-LA infusion of a DNMT inhibitor impairs both fear memory consolidation and, in parallel, the consolidation of trainingrelated neural plasticity in the LA; that is, short-term memory (STM) and short-term training-related increases in AEFP amplitude in the LA are intact, while long-term memory (LTM) and long-term retention of training-related increases in AEFP amplitudes are impaired. In separate experiments, we show that intra-LA infusion of a DNMT inhibitor following retrieval of an auditory fear memory has no effect on post-retrieval STM or short-term retention of training-related changes in AEFP amplitude in the LA, but significantly impairs both post-retrieval LTM and long-term retention of AEFP amplitude changes in the LA. These findings are the first to demonstrate the necessity of DNMT activity in the consolidation and reconsolidation of memory-associated neural plasticity, in vivo.
Ó 2013 Elsevier Inc. All rights reserved.
Introduction
Epigenetic mechanisms, including modifications in chromatin structure and DNA methylation, have been widely implicated in synaptic plasticity and memory formation (Barrett & Wood, 2008; Jiang et al., 2008; Levenson & Sweatt, 2005 , 2006 Monsey, Ota, Akingbade, Hong, & Schafe, 2011) . Chromatin modifications, the most commonly studied epigenetic modification, are typically associated with the acetylation of histones by histone acetyltransferases (HATs), a process which results in the relaxation of chromatin and contributes to enhanced transcription of memory-related genes (Barrett & Wood, 2008; Levenson & Sweatt, 2005) . Conversely, the methylation of cytosine residues on DNA via DNA methyltransferases (DNMTs) is typically thought to negatively regulate gene transcription via preventing the binding of transcription factors (Levenson et al., 2006; Levenson & Sweatt, 2005; Miller et al., 2010; Miller & Sweatt, 2007; Miranda & Jones, 2007) . In development, the methylation of DNA has been associated with gene silencing and cellular differentiation in actively dividing cells, and has traditionally been viewed as a long-lasting, static process (Levenson & Sweatt, 2005; Miranda & Jones, 2007) . Post-mitotic neurons, however, are known to express high levels of DNMT mRNA into adulthood (Brown et al., 2008; Feng et al., 2010) , and emerging evidence has suggested that dynamic regulation of DNA methylation in adult neurons may be critical for regulating the transcription of genes involved in creating and maintaining stable memories (Miller et al., 2010; Miller & Sweatt, 2007) .
Recent studies have implicated alterations in DNA methylation in both hippocampal-and amygdala-dependent memory formation. Contextual fear conditioning has been observed to increase the expression of DNMT3A/B mRNA in hippocampal area CA1 and to regulate the methylation of the plasticity-related genes PP1, reelin, and BDNF (Lubin, Roth, & Sweatt, 2008; Miller & Sweatt, 2007) . Further, intra-hippocampal infusion of an inhibitor of DNMT activity has been observed to impair the consolidation of a contextual fear memory (Miller, Campbell, & Sweatt, 2008; Miller & Sweatt, 2007) . Similarly, our lab has recently observed that DNMT3A protein is regulated in an associative manner within
